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1.(10%) The heat flux that is applied to one face of a plane wall is q”’=25 W/m?. The opposite face is
exposed to air at temperature 30°C, with a convection heat transfer coefficient of 25 W/m?-K. The
surface temperature of the wall exposed to air is measured and found to be 50°C. Do steady-state
conditions exist (5%)? If not, is the temperature of the wall increasing or decreasing with time (5%)?

2. (20%) A computer consists of an array of five printed circuit boards (PBCs), each dissipating Py = 20
W of power, Cooling of the electronic components on a board is provided by the forced flow of air,
equally distributed in passages formed by adjoining boards, and the convection coefficient associated
with heat transfer from the components to the air is approximately h = 200 W/m?*-K. Air enters the
computer console at a temperature of T;= 20°C, and flow is driven by a fan whose power consumption is
Pe=25W.

(a) (10%) If the temperature rise of the airflow, (To - T), is not to exceed 15°C, what is the
minimum allowable volumetric flow rate V of the air? The density and specific heat of the air
may be approximated as p = 1.161 kg/m? and ¢, = 1007 J/kg K, respectively.

(b) (10%) The component that is most susceptible to thermal failure dissipates 1 W/cm? of surface
area. To minimize the potential for thermal failure, where should the component be installed on
a PCB? What is its surface temperature at this location?

Outlet air ¥, 7,

PCB, P,

F\alala )
""" 7‘??“\

3. (10%) At a given instant of time, the temperature distribution within an infinite homogeneous body is
given by the function

T(X, ¥, 2) = X* -2y* + 22 — xy + 2yz
Assuming constant properties and no internal heat generation, determine the regions where the
temperature changes with time.

4. (15%) The temperature distribution across a wall 0.3 m thick at a certain instant of time is
T(x) =a+bx +cx?
where T is in degrees Celsius and x is in meters, a = 200°C, b = -200°C/m, and ¢ = 30°C /m?. The wall has
a thermal conductivity of 1 W/m- K.
(a) (10%) On a unit surface area basis, determine the rate of heat transfer into and out of the wall
and the rate of change of energy stored by the wall.
(b) (5%) If the cold surface is exposed to a fluid at 100°C, what is the convection coefficient?

5. (10%) Passage of an electric current through a long conducting rod of radius rj and thermal
conductivity k; results in uniform volumetric heating at a rate of ¢ . The conducting rod is wrapped in an

electrically nonconducting cladding material of outer radius r, and thermal conductivity k¢, and
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convection cooling is provided by an adjoining fluid. For steady-state conditions, write appropriate forms
of the heat equations for the rod and cladding (5%). Express appropriate boundary conditions for the

solution of these equations (5%).

Conducting
rod, g, k

r

Cladding, £,

(4

6. (15%) The composite wall of an oven consists of three materials, two of which are of known
conductivity, ka =20 W/m-K and kc = 50 W/m-K, and known thickness, L.a =0.30 m and Lc =0.15 m.
The third material, B, which is sandwiched between materials A and C, is of known thickness, Lg = 0.15
m, but unknown thermal conductivity ks. Under steady-state operating conditions, measurements reveal
an outer surface temperature of Tos = 20°C, an inner surface temperature of Ts; = 600°C, and an oven air
temperature of Te. = 800°C . The inside convection coefficient h is known to be 25 W/m? K. What is the

value of kg?

7. (20%) Steam flowing through a long, thin-walled pipe maintains the pipe wall at a uniform
temperature of 600 K. The pipe is covered with an insulation blanket comprised of two different
materials, A and B. The interface between the two materials may be assumed to have an infinite contact
resistance, and the entire outer surface is exposed to air for which Te =320 K and h =25 W/m?>-K.
(a) (5%) Sketch the thermal circuit of the system. Label all pertinent nodes and resistance
(b) (10%) For the prescribed conditions, what is the total heat loss from the pipe? (5%) What are
the outer surface temperature Ts24) and Tsa)?

e = 2 Wim - K

kg = 0.25 Wim-K

///
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1. Solve the following ODEs.

(a) 2coshxcosydx = sinhxsiny dy (10%)

(b) x%y" —3xy"+3y=3Inx—4 (10%)

2. Solve the following ODE by using the Laplace transform.
y'+2y" + 2y =[1—-u(t —2)]et — e?6(t — 2),y(0) = 0,y'(0) = 1. (15%)

3. A mixing problem. Each of two tanks contains 200 gal of water, where initially 150 1b (tank T;) and 100
Ib (tank T5) of salt are dissolved. The inflow into T; is 4 gal/min from T, and 12 gal/min containing 12
Ib of salt from the outside. The inflow into T, is 16 gal/min from T;. The outflow from T, is 4 + 12 =
16 gal/min. The mixtures are kept uniform by stirring. Find the salt contents y;(¢) and y,(t) in T; and
T, , respectively.

(a) Set up the model. (5%)
(b) Solve the system. (10%)

4. (a) A line integral with continuous Fj, F2, F3 in a domain D in space. Show that the line integral

is path independent if F « dr is exact in D. (5%)
(b) If the differential form (a) is exact in D, show that curl F=0. (5%)

5. Is the given function even or odd or neither even nor odd? Find its Fourier series. Show details of
your work. (10%)

1
2

i
N o o
N+ -

Figure 1.

6. A force p = [4, 2, 0] is acting in a line through (2, 3, 0). Find its moment vector about the center
(5, 1, 0) of a wheel. (5%)

7. The state of stress in the cube is as follows:

[20 40 0]
g;j =140 —40 0]

0 q = (in MPa)

where i =1, 2, 3
(a) Determine the principal stresses for the cube. (10%)
(b) Determine the directions where the principal stresses ocurr. (10%)
(c) Suppose the compressive/tensile strength of the body are 50 MPa. Does the body fail in the

stress state? Explain the reason. (5%)

[Note: Since the stress ¢ is a symmetric tensor, it has three real eigenvalues o1, 02, o3 called principal
stresses, and three corresponding orthonormal eigenvectors called principal directions. The eigenvalue
problem can be written as t™ = 6n =¢ n, where n is a principal direction and ¢ is a scalar principal stress.
Since the traction vector is a multiple of the unit normal, ¢ is a normal stress component. Thus a principal
stress is a stress which acts on a plane of zero shear stress.]
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Prob. #1 (30 % )

(1) Plot the engineering and true stress-strain diagrams for a ductile material. (10 % » R4 28
tefplég o BF AT XRAIGE S B LA AR RN LM UARABHE é’]f@)’?f:’:‘#} & — 18
Jo—4 2 mE 10 o Aak)

(2) nPxBRE (R@E) FTFHL£H ( H ) (20 %)

(a) General state of stress (6 % » FE H R HEAE T2 » #—1BlIn—4 > 0 E 65 A1)
(b) Hooke’s law (2 %) ( A2 FEHa /> 3'(,)

(c) Poisson’sratio (2%) ( AX AR HEHH )

(d) Homogeneous material (2 %)

(e) Isotropic material (2 %)

(f) Modulus of toughness (2 %) ( F25EAn B T )

(g) Saint-Venant’s Principle (2 %)
(h) Statically indeterminate problem (2 %)

Prob. #2 (20 %)
Draw the shear and moment diagrams for the following beams. (3FFE B THMEHAHE - &

#V-EM-Diagram > R oeR P biB 5w ~ TEGE G B EE— B —45 0 o ES5HAILE)

. ~ Beams FB.D.
2(6) ki sl
2 kip/it 4kip ) G kip ‘—2‘-{2)@;,,4&?
B T ~J
o | LT M) " T !
5% él _ T4
e hrJ ‘ M 27 T Tapeifoket
6t 3ft |

Ay=0, 4,19 kip, M4=113 kip-ft

1500 N 1500 N
800N
@) a | 5
(5%) JL. ., | ;Le =
X

!_ 600 mm - *-!

125 mm 75 mm
Vit 10 kip 8kip

oo | T o o !

61t 4 ft

" M, M, M
s SR —
) ._ = &L =t T
oo | 4 T,
1 L/ i L2 | A -5k %=g:
4z z
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Prob. #3 (30 %)

If the supports at A and C are flexible and have a stiffness k, determine the support reactions at 4 and
C. The material has a modulus of elasticity of E. (B E M EMABHMEN T EBR LA FEET

)

d 3,
b [ . 4L d|
JJA 1 I B C 4
2a a
B — Prob. #3

Prob. #4 (20 %)

The composite shaft consists of a mid-section that includes the 1-in.-diameter solid shaft and a tube
that is welded to the rigid flanges at 4 and B. Neglect the thickness of the flanges and determine the
angle of twist of end C of the shaft relative to end D. The shaft is subjected to a torque of 800 Ib « ft.
The material is A-36 steel, Es=29(10%) ksi and Gs= 11(10?) ksi.

8001b-ft 1 in. 3in.
!

CC | g ok b 800 Ib-ft

i

) A - - ok i
0S5 ft |
075 £t _ \B} |
05 ft

B
i

E = Prob. #4
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1. (20%) A slender rod AB, of weight W, is attached to blocks A and B, which move
freely in the guides shown. The blocks are connected by an elastic cord that passes
over a pulley at C. Determine the value of 6 for which the tension in the cord

is equal to 5W.

2. (20%) Two 10-N blocks A and B are connected by a slender rod of negligible weight.
The coefficient of static friction is 0.30 between all surfaces of contact, and
the rod forms an angle @ = 30° with the vertical. Determine the largest value of

P for which equilibrium is maintained.

3. (20%) A 6-g bullet is fired into a 1000-g wood block B which is suspended by a cord
of length / = 2.2 meter. The block then swings through a maximum angle of @ = 60°.
Determine the initial speed of the bullet v and the force on the cord immediately

after the impact.
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4. (20%) Tim throw a Pokeball, assuming a solid sphere of radius r and mass m, along
a grass ground as a rough horizontal surface with the initial velocities indicated.
If the final velocity of the Pokeball is to be zero, express, in terms of w, r,
and ux. Determine the required magnitude of ws the time # required for the sphere
to come to rest and the distance the sphere will move before coming to rest.

5. (20%) A-shin quit from the gymnastics team and joined the local gang. In street
fights, he always used learned skills, such as handstand turn, backflip, front
handspring and horizontal bar, from the gymnastics team. For example, he would like
to kick the trolley to attack a street ruffian as shown in Figs. We assume that A-
shin, as a slender rod AB, is released from rest in the horizontal position. He
swings down to a vertical position and strikes the trolley, as a second rod CD
which is similar to the rod AB. Assuming that the bar CD is resting on a frictionless
surface and the coefficient of restitution between the rods is 0.4. Determine the
velocity of the trolley (rod CD) immediately after the impact.

L 4
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1. (10%) In Fig. 1,if M =3, f, =2.4,K =2, find the percent overshoot and settling time with f(f) asa

unit-step input.

Sy

—1#= x(f)

Fig. 1

2. (10%) In Fig. 2, determine the transfer functionV, (s)/V, (s) if R =10kQ and find the unit-step input

I‘CSpOI’lSG.
10 k 0-1} IMF‘
10 k ' ' u
R
"'"f ™~ 1-’] .
"MW
10 k

101(% =

Fig. 2

3. (20%) In Fig. 3, estimate the transfer function G(s). Find the gain margin and phase margin from the
bode plots. Also plot the root locus of G(s).

20
\

20 log M
L
[==]
f

1 10 100 1000
Frequency (rad/s)

~45
-50
-55 = e
~60 //

- \
-65 -
=70 ] ™.
~75 - =
_80 =" s
-85 ]
-90
-95

Phase (degrees)

1 10 100 1000
Frequency (rad/s)

Fig. 3
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K(s+2)

0, 1 1 =
4. QUarIn Re il Gle= o oneea00)”
(a) (5%) plot the root locus;
(b) (5%) determine the range of K for stability;
(c) (5%) find the asymptotes;
(d) (5%) find the breakaway and break-in points.

RGs) 4 ()
+€@ ] G(s) _ —

Fig. 4

25
s(s+1)(s+5)
phase margin 60° by use of frequency response methods.

5. (20%) In Fig. 4, let G(s)= . Design a lead controller to meet the specification with

6. (20%) In Fig. 5,
(a) (10%) find the values of K, and K, to yield a damping ratio of 0.404 and a peak time of]

0.082sec;
(b) (5%) find the steady state etror if a unit ramp applied;

(c) (5%) sketch the Bode plots for the forward transfer function C(s) JE(s).

Amplifier Motor
R(s) + E(s) % + 25 )
_8 ! X sGs+ 1)
Tachometer
KJ('S i}
Fig. 5
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1. % — A7 (Figure 1)

2. 4B =pA7+ (Figure 2)

& — (Figure 1)

3. 4w =F7~ (Figure 3)

(10%)

4. 4o @ A7+ (Figure 4)

the result as a Cartesian vector (20%)

Cord BC remains horizontal due to the roller at C, and Cord AB has a length of 1.5 m. If y = 0.75 m,
what are the forces in Cord AB and Cord BC for equilibrium of the 200-kg crate? (20%)

Determine x and y components of F3 so that the horizontal system is in static equilibrium. (10%)

a BY

F1=100N F2=60N

20 \35°

v

-~

Calculate the x and y coordinates of the center of mass if M1 = 5.6 kg, M2 = 8.1 kg, and M3 =2.3 kg.

Please determine the moment produced by force F about the diagonal AF of the rectangular block. Express

+X

B — (Figure 2)

F=|—6i + 3j + 10k] N

v

B w3 (Figure 4)

REFHESHT FUEFOATHA



Byd Lk2 10 E25EEREALERAL-ERBEAEFREA

Hes# #HE [(RELARATHETE] T - 438004
MAHABKRMERL "I, EAHER (B HFH) (MEFRM) #2HF27

5. 4w ZAT~ (Figure 5)

The assembly consists of two red brass C83400 copper alloy rods AB and CD with diameter 30 mm, a

stainless 304 steel alloy rod EF with diameter 40 mm, and a rigid cap G. If the supports at A, C and F are
rigid, determine the average normal stress developed in rods AB, CD and EF. (20%)

6. 4@ AT+ (Figure 6)

The drum on the floor has a weight of 100 Ib and the coefficient of static friction is ps=0.5. If =3 ft and
b=4ft, determine the smallest magnitude of the force P that cause the impending motion of the drum.
(20%)

B & (Figure 5) & 75 (Figure 6)
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1.

A connecting rod is supported by a knife-edge at Point 4, as shown in Figure 1. For small
oscillations, the angular acceleration of the connecting rod is governed by the relation a = — 56 where

3
a is expressed in rad/s and 6 in radians. Knowing that the connecting rod is released from rest when
6 = 20°, determine (a) the maximum angular velocity, (b) the angular position when ¢ = 3s. (20%)

A uniform rod BC of mass 5 kg is connected to a collar 4 by a 250-mm cord 4B, as shown in Figure
2. Neglecting the mass of the collar and cord, determine (@) the smallest constant acceleration a, for
which the cord and the rod lie in a straight line, () the corresponding tension in the cord. (20%)

A 2 kg model rocket is launched vertically from rest with a constant thrust of 50 N until the rocket
reaches an altitude of 20 m and the thrust ends. Neglecting air resistance, determine (a) the speed of]
the rocket when the thrust ends, (b) the maximum height reached by the rocket, (c) the speed of the
rocket when it returns to the ground. (20%)

A hockey player hits a puck so that it comes to rest in10 s after sliding 50 m on the ice. Determine (a)
the initial velocity of the puck, (b) the coefficient of friction between the puck and the ice. (20%)

Packages in an automobile parts supply house are transported to the loading dock by pushing them
along on a roller track with very little friction, as shown in Figure 3. At the instant shown, packages B
and C are at rest and package 4 has a velocity of 2 m/s. Knowing that the coefficient of restitution
between the packages is 0.5, determine (a) the velocity of package C after 4 hits B and B hits C, (b)
the velocity of 4 after it hits B for the second time. (20%)
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1. Please read the following article and answer the question below:

Virtual Reality (VR) is a computer generated environment that can simulate physical presence in
places in the real world or imagined worlds. The user wears a headset and through specialized
software and sensors is immersed in 360-degree views of simulated worlds.

Augmented Reality (AR) supplements the physical environment with computer-generated sensory
input such as sound, video, graphics, or other useful information, essentially overlaying digital
information on top of the physical world. Some consider the popular smartphone game “Pokémon
Go” a form of consumer AR: It enables gamers to find digital characters in the real world.

Mixed Reality (MR or XR) attempts to combine aspects of both VR and AR. Through merging the
real and virtual worlds, new environments and visualizations are generated wherein physical and
digital objects co-exist and interact in real time. The virtual objects (holograms) are anchored to points
in real space, making it possible for the user to treat them as real.

Please translate the following terms into Chinese (3% for each)

(A) Virtual Reality (F) digital character
(B) environment (G)visualization
(C)immersed (H) co-exist
(D)simulated (I) anchor

(E) physical world (J) interact in real time

Translate the following two sentences into Chinese: (10% for each)

(A)Mobile robots can examine cables and pipes underwater, snake through small pipes and sewers,
fly along electricity transmission lines, and look for small defects in wind-turbine blades high off
the ground—among other things.

(B) With a drone, everything is recorded, time-stamped and geo-referenced, and that information is
there as part of a permanent record of that facility.

Read the following article and fill in the correct “preposition” (414:3]) (3% for each)

In 2017, the New York investment firm Lazard released an analysis of grid-scale energy storage
technologies, based _(A) their levelized costs, which includes both capital and operational costs.
Lazard focused on a subset of commercially available technologies capable _(B) being deployed
(C) avariety of settings, ruling out pumped hydroelectric and compressed air storage due (D) their
dependence on specific geologies.

The analysis looked _(E) peaker replacement with lithium-ion batteries as well as flow batteries,
where charged electrolyte is stored in tanks. For grid-scale peaker replacement applications, Lazard
found no technology to be a clear winner. Lithium-ion batteries had a levelized cost of storage of
between $282 and $347 per MWh, with costs expected to decrease _(F) around $268 pr MWh _(G)
the end of this year. Flow batteries, both those using vanadium chemistry and those employing zinc,
had a wider range of levelized costs— (H) $209 to $413 per MWh in replacing peak generation—
which is a function _(I) the lower degree of commercialization _(J) the technology.

Lazard expects the cost of lithium-ion batteries to continue to drop by as much as 10 percent
annually over the next five years.

Translate the following two sentences into English: (10% for each)
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